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Abstract 27
Over the last decade the effect of food formulation on digestion in healthy adults has 28 increasingly gained interest within the scientific community. The area requires 29 multidisciplinary skills from a wide range of fields including medical, chemical, and 30 engineering. In this work, we aim to develop simplified in-vitro intestinal models to study the 31 effect of mass transfer on food digestibility and nutrient bioaccessibility for a range of food 32 hydrocolloids. The models developed aim to mimic intestinal motility and focus on describing 33 phenomena occurring during digestion in the mm scale. Results indicate that hydrocolloids 34 have a significant effect in retarding simulated glucose accessibility, and the effects are 35 seemingly more pronounced (fivefold reduction in mass transfer and simulated glucose 36 absorption) at viscosities around 0.01Pa s. This indicates the potential to modulate glucose 37 availability by food formulation. It is estimated that the food sector is currently responsible for one third (of a $15 million total 41 market) of hydrocolloid applications worldwide [Seisun 2012 ]. Although primarily used as 42 texturing agents [Dickinson 2003; 2009; Saha & Bhattacharya, 2010; Funami 2011; Ramirez, 43 Uresti, & Velazquez, 2011], food hydrocolloids are increasingly being associated with a 44 number of important health benefits, including glycaemic and insulinaemic control in type-2 45 diabetes, weight management, and cardiovascular disease prevention [Jenkins, Wolever, 46 Leeds, Gassull, Haisman, Kilawari, Goff, Metz, & Alberti, 1978 largely unexplored area. In this framework, we have developed in-vitro models that simulate 135 gut wall contractions with the aim to investigate the effect of gut motility on the accessibility 136 of glucose from model solutions, using a range of food hydrocolloids (guar gum, CMC, pectin). 137
We have analysed our data using engineering principles and dimensionless numbers that 138 characterise the flow (Reynolds number) and mass transfer (Sherwood number) in the gut. 139
We have found that irrespective of the hydrocolloid used or the segmentation patterns 140 applied, the relationship between Reynolds and Sherwood numbers of all investigated 141 digestive conditions and for all model chyme solutions superimposes to a single line. As 142
Reynolds number increased and the flow became less laminar, mass transfer was enhanced. viscosities were used in this study to evaluate the effect of mass transfer in simulated glucose 156 absorption. This concentration approximates the glucose content of a cup of coffee with half a 157 sachet of sugar added and it is 10 times higher than the homeostatic blood glucose levels. The effect of segmentation frequency on simulated glucose absorption was studied for the 211 systems detailed in Table 2 using To determine Klumen of the investigated chyme samples, it is first necessary to estimate Ksystem, 258 which is assumed constant for all the experiments. This was achieved from experiments that 259 minimise resistance to mass transfer at the lumen side (maximise Klumen), so that 1/Klumen 260 would be much smaller than 1/KSystem. To minimise resistance in the luminal side, an 261 increasing flow rate was applied in the inner tube, which was filled with 1% glucose in water 262 until no significant increase in Koverall was observed. This value (estimated at 5.3x10 -7 m s -1 , 263 Tharakan, 2008) was taken as Ksystem. 264
Reynolds and Sherwood numbers 265
The dimensionless Reynolds (Re) and Sherwood (Sh) numbers were estimated from 266 equations 5 and 6, to further characterise mass transfer and study the relative importance of 267 convective and diffusive processes in the model gut. In Figure 9 the estimated overall mass transfer coefficients are shown for different 367 segmentation points. Results indicate that at 1 segmentation point (i.e. lower mixing) mass 368 transfer was reduced by 25% and 45% for aqueous and guar gum systems, respectively. In 369 addition, the effect of the number of segmentation points was more profound at higher 370 viscosity mixing (40% reduction of Koverall for the 1% guar gum) when compared to low 371 viscosity (only 15% reduction on water). 372 
CONCLUSIONS 382
There is a growing interest in controlling the nutritional values of foods using hydrocolloids. A 383 mechanism of slowing glucose bioaccessibility has been attributed to reduction in mass 384 transfer through the gastrointestinal tract. This work presents in-vitro digestion studies using 385 novel models with the ability to simulate intestinal motility, and illustrates the importance of 386 mass transfer on simulated glucose absorption by using a range of food hydrocolloids. The 387 models simulate flow and mixing in the gut. Addition of guar gum, CMC, and pectin showed 388 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
Please find below 5 brief bullet points to convey the core findings of the work.
• Food formulation impacts mass transfer in simulated in-vitro model gut • Flow regime affects mass transfer independently of formulation • As flow becomes less laminar mass transfer increases in the model gut • At increased mass transfer simulated glucose absorption is increased • Preliminary data with improved in-vitro model agree with previous observations
